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SECTION  I 


INTRODUCTION 


One  assumption  in  deriving  upper-air  temperatures  is  that  the  surface 
temperature  along  with  a standard  lapse  rate  can  be  used  to  obtain  temper- 
atures at  altitude.  Along  with  this  goes  the  assumption  of  a standard 
tropopause  height;  the  tropopause  is  defined  as  the  height  above  which 
the  temperature  is  approximately  constant  through  the  stratosphere. 

These  assumptions  do  not  account  for  actual  conditions  such  as  strong 
surface  heating,  temperature  inversions,  and  non-standard  or  ill-defined 
tropopause  levels.  Since  some  proposed  methods  used  to  calculate  aero- 
dynamic heating  are  based  on  temperatures  derived  using  surface  conditions 
and  a standard  lapse  rate,  it  is  desirable  to  investigate  the  validity  of 
such  an  assumption.  This  report  investigates  the  kinds  of  errors  that  can 
occur  when  temperatures  are  derived  using  the  US  Standard  Atmosphere  lapse 
rate  and  tropopause  height. 
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OATA  COl.l.l'CTlDN  AND  RrmO  ION 


Many  motoroloj; ical  stations  throughout  the  worlil  ol>tain  uppor  air  data 
through  tho  uso  of  radiosonde  or  I'awinsoiule  eipiip.ment . Instruments  trailing 
behind  a balloon  measure  pressure,  temperature,  and  humidity  as  they  ascend 
through  the  atmosphere.  By  building  up  thickness  layers  with  the  hydro- 
static equation,  temperature,  humidity  parameters,  and  ambient  pressure 
'■re  measured  at  heights  from  the  surface  to  near  11)0,000  feet  above  sea 
level . 

The  locations  ;>nd  times  of  the  upi>er  air  data  used  in  this  study  were 
picked  for  several  reasons.  The  locations  chosen  represent  various  geo- 
graphical and  climatic  regions,  different  seasons,  and  large  variations 
from  the  standard  lapse  rate.  Additionally,  two  locations  selected  are 
in  close  pro.ximity  but  have  very  different  surface  temperatures. 

Data  for  this  report  were  obtained  upon  request  from  tl)e  USAF  I'nviron- 
mental  Technical  Applications  Center,  Scott  Air  force  Base,  Illinois.  The 
standard  reduction  pi’ogram  used  takes  coded  upper  air  data  and  calculates 
meteorological  quantities  from  the  surface  to  high  altituile.  Data  is 
available  every  1000  feet  from  the  surface  to  8000  feet  above  ground  level 
(ACL),  every  2000  feet  from  8000  to  20,000  feet  ACT,  and  ever}’  feet 

above  20,000  feet  ACb.  No  data  above  .80,000  feet  ACL  was  used  due  to  the 
scarcity  of  aircraft  flying  above  this  level. 

To  obtain  the  derived  profiles  used  as  test  cases,  the  following  pro- 
cedure was  applied.  Using  surface  temperature,  the  standard  lapse  rate  of 
6.5®C/kilometcr  (1 . 98'’C/1000  feet)  (Reference  1)  was  applied.  The  tropo- 
pause  was  assumed  to  be  at  the  standard  height  of  11  kilometers  (.V>,080  feet) 
above  moan  sea  level  (MSL),  and  all  temperatures  above  this  height  were 
taken  as  constant  to  .80,000  feet  ACL.' 

Differences  between  tho  measured  and  derived  tcmporatuj‘es  were  cal- 
culated as 


AT  (at  altitude)  = T (using  standard  lapse  rate) 
- T (nawinsonde  sounding) 


or 


'*^STD  “ ^yOUND 
Y 


Sleights  in  this  report  are  in  units  of  geopotential  feet.  Since  the 
maximum  differences  between  geometric  and  gcopotential  altitude  arc  only 
120  feet  at  SO, 000  feet  MSL,  they  can  be  assumed  equal  to  each  other. 


Table  1 lists  each  location  examined,  dates  and  times  of  the  soundings, 
and  height  of  the  location  above  MSL. 

Figures  1 to  24  show  actual  and  derived  temperature  soundings  along 
with  differences  between  measured  and  derived  temperatures. 


TABLF.  1.  DATA  LOCATIONS  AND  TIMF.S 


Location 

F. levation  MSL 
(Feet) 

Date 

Time 

He 1 wan,  Fgypt 

456 

1 July  1076 

12Z 

1 July  1976 

002 

Mexico  City,  Mexico 

7320 

January  197(> 

002 

2 January  197(> 

122 

Anchorage,  Alaska 

148 

3 .lanuary  1976 

122 

1 July  vJ7(> 

002 

Fairbanks,  Alaska 

443 

3 .lamia r>’  1976 

122 

J July  1976 

002 

Barrow,  Alaska 

25 

4 January  1976 

o 

o 

1 ,luly  1976 

002 

Denver,  Colorado 

5285 

.3  .Inly  1976 

002 

3 .lanuary  197(i 

122 

F.dwards  Air  Force  Base, 
California 

2313 

22  August  1977 

102 

Vandenburg  Air  Force  Base, 
California 

328 

22  August  1977 

122 
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DISCUSSION 


Before  examining  each  location,  one  point  should  he  made.  As  will  be 
evident  from  several  of  the  plotted  soundings,  the  slopes  of  the  measured 
and  derived  curves  are  similar.  Since  the  slope  is  an  indication  of  the 
I'lpse  rate,  it  appears  that  standard  lapse  is  not  a bad  estimate  in  certain 
regions  of  the  curves.  An  easier  way  to  compare  the  lapse  rates  is  to  look 
at  the  plots  of  AT  (standard  lapse  temperature  - measured  temperature) 
versus  altitude.  The  more  vertical  the  plot  of  .AT,  the  closer  the  measured 
lapse  is  to  the  standard  lapse.  Any  slope  of  the  curve  indicates  departure 
from  the  standard  lapse  rate.  A large  change  in  the  value  of  aT  at  higher 
altitudes  indicates  a non-standard  tropopause  height. 

The  reasoning  behind  the  above  is  as  follows:  If  AT  docs  not  change 
between  two  levels 


AT  _ .~ 
aJT  - '^^h 


AT.  = 0 

h-, 


(n 


where  h^,  h,  are  two  levels. 

Using  the  definition  of  AT 

AT,  = T, 


h,  STD  y,  SOUND. 

1 h^ 


^^^h^  “ ^STD  Y ■ '^SOUND, 


Lapse  rate  is  defined  as 


£L 

Ah 


(H) 


(3) 


(4) 


(S) 


where  y >0  for  a temperature  decrease  upward. 

Tlierefore,  the  temperature  at  h.,  is  related  to  that  at  h^  as  follows: 


STD 


= T 


^STD 


(h) 
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large  ohangos  in  the  value  ot'  .\T  of  high  altitiule  iiulieate  non- staiulavil 
tropopause  height.  I'he  souiuling  temperature  is  still  changing  where  the 
staiularvl  tropopause  wouUl  irulieate  an  isothermal  layer.  Conversely,  the 
actual  tropopause  may  occur  below  the  staiularvl  heiglit  . cau.sing  large  changes 
to  occur  at  lower  altitiules.  I'hese  factors  account  for  the  large  clianges 
in  magnitikle  aiul  the  cluinge  in  sign  of  .Vf  at  higher  altitiuies  seen  on  some 
of  the  plots. 

figures  1 to  4 present  vlata  from  Helwan,  I'gypt  . The  ila>t  ime  souiuling 
(figure  1)  shows  fairly  good  agreement  between  measured  temjn'ratures  and 
temperatures  based  on  the  standard  lapse  rate  (figure  ol , e.specially  in  the 
lower  few  thousand  feet.  I'his  is  e.xpected  due  to  boundary  layer  mixing 
caused  by  solar  heating.  Agreement  is  still  fair  in  the  middle  level 
(Id. 000  to  .to, 000  feet).  I'rrors  are  larger  in  the  nighttime  sounding  (fig- 
ure 2)  due  to  surface  cooling,  figure  4 shows  there  was-  little  temperature 
change  between  the  times  of  the  soundings  except  in  the  lower  4.000  feet. 
Using  the  standard  lapse  rate  on  both  surface  temperatures  produces  .i  tem- 
perature difference  at  all  levels  eiiual  to  the  difference  found  on  the 
surface,  in  this  case,  10*C.  '.he  effects  of  a high  tropopause  are  shown 
above  .^5,000  feet  by  large  ehanges  in  the  value  of  .VI'. 

figures  b to  S are  based  on  Mexico  City  data.  Both  the  day  (figure  ?‘i 
and  night  (figure  o)  soundings  show  a similar  .Vf  trend  above  the  lower  few 
thousand  feet.  The  nighttim.o  cooling  led  to  values  very  different  in  mag- 
nitude from  those  found  in  the  daytime  ealeulat ions.  Large  changes  in  the 
value  of  .Vf  occur  above  JO, 000  foot  (figure  '^l  . fhis  is  due  botti  to  Mexico 
City's  high  elevation  and  a non-standard  tropopause  height. 

figure  S is  another  plot  of  actual  temperature  difforonees  between  the 
soundings  and  those  found  using  the  standard  lapse  rate  ealeulat ions . Actual 
changes  are  small,  above  .',000  feet  .\CL,  while  the  use  of  the  standard  lapse 
rate  prodiues  a uniform  difference  of  lo^'C. 


Anchorage,  ralrbiinks,  and  Harrow,  Alaska  were  used  as  o:  imples  of  cold 
winter  locations.  These  locations  show  a similar  AT  trend  (I’igures  11,  14, 
and  17)  for  the  winter  soundings  (figures  9,  12,  and  IS).  Note  the  very 
large  errors  above  the  lower  2,000  to  3,000  feet.  They  are  due  to  strong 
low-level  temperature  inversions  where  the  temperature  increases  with  height 
aHove  the  surface.  The  stronger  the  Inversion  (i.e,,  the  greater  the  tem- 
perature increase  with  height),  the  larger  the  values  of  AT.  .Some  values 
are  In  excess  of  .3{)°C. 

The  Slimmer  soundings  (figures  10,  1.3,  and  16)  give  bettor  agreement 
with  calculations  based  on  the  standard  lapse  rate.  In  these  cases,  stronger 
heating  wiped  out  the  low-level  Inversions.  Anchorage  and  f'alrbanks  show 
good  agreement  from  the  surface  upward,  while  the  weaker  heating  and  low 
tropopause  at  Harrow  still  lead  to  considerable  values  of  AT. 

Denver,  Colorado  (r'igures  18  to  20)  is  a good  example  of  a high  altitude 
location.  The  summer  sounding  (figure  18)  shows  stronger  lapse  rate.,  than 
standard.  AT  values  (figure  20)  exceed  10“C  from  10,000  feet  ujiward.  The 
winter  sounding  (figure  19)  is  another  example  of  the  effects  of  a temper- 
ature inversion.  Differences  from  standard  lapse  increase  rnjiidly  above 
tlie  surface.  Above  10,000  feet,  the  lapse  rate  Is  near  standard,  shown  by 
the  small  changes  in  AT, 

figures  20  to  24  offer  an  example  of  two  soundings  taken  from  closely 
s)>accd  locations.  The  data  is  from  f.dwards  Air  force  Base  and  Vatulanbnvg 
Air  force  Base  in  California.  Vandonburg  Air  force  Base  lies  close  to  tlic 
const,  and  f.dwards  Air  force  Base  is  in  tlic  Mojave  De.sert  . The  mea.suri'iueiit  s 
were  from  the  morning  soundings  of  22  August  1977.  .Surface  measurement.s 
were  late  afternoon  (2.3Z)  temperatures.  Temperatures  in  the  mixed  layer 
below  .3,000  feet  ACL  were  adjusted  to  be  consistent  with  afternoon  surface 
temperatures.  Little  change  was  necessary  for  Vandenburg  Air  force  Bn.se. 

An  almost  dry  adiabatic  rate  (9.8®C/kra)  (2.99'’C/1000  feet)  was  used  for 
f.dwards  Air  force  Base.  Note  that  heights  are  above  mean  sen  level  to 
make  comparison  easier. 

I'igiircs  21  and  22  show  measured  .and  derived  soundings,  figure  2.3  plots 
at.  at  values  at  Vandenburg  Air  force  Base  are  especially  large  due  to  n 
temperature  inversion  at  about  1,800  feet  MSI.. 

Actual  temperature  differences  between  the  soundings  are  shown  in  fig- 
ure 24  along  with  differences  found  if  a standard  lapse  rate  is  assumed. 

The  standard  lapse  rate  calculation  gives  a uniform  difference  of  24*^ 
while  actual  differences  are  no  more  than  2“C  above  the  surface  mixing  layer. 

As  is  evident  from  the  preceding  figures  and  discussion,  using  a .surface 
temperature  along  with  the  standard  lapse  rate  and  tropopause  height  can 
lead  to  large  errors  in  the  calculation  of  temperatures  at  altitude.  Aside 
1 rom  desert  or  high  altitude  locations,  the  major  problem  seems  to  be 
temperature  inversions  and  non-standard  tropopause  heights. 
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To  investigate  further,  an  alternate  method  of  temporaturo  derivation 
was  tried.  To  eliminate  the  effects  of  low-level  inversions,  the  temper- 
uturo  at  5,000  foot  was  assumed  known.  This  information  could  come  from 
actual  measurement,  or  it  could  ho  forecasted  with  some  degree  of  certainty, 
The  results  of  applying  the  standard  lapse  rate  to  this  temperature  are 
shown  in  l'‘igure.s  25  to  28  for  four  locations  exhibiting  low-level  inversions. 
Values  of  AT  arc  general ly  low,  up  to  ,10,000  feet.  Above  that  height,  two 
locations  show  larger  values  with  the  correction.  This  is  due  to  a non- 
standard ti'opopause  height.  By  estimating  the  tropopause  height,  high 
altitude  errors  are  reduced,  l^^recastod  tropopause  height  can  also  be  ob- 
tained with  little  difficulty. 
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Derived  Profile 
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Figure  2.  Temperature  Sounding  at  Helwan,  Egj^^t:  1 July  1976,  OOZ 


Figure  3.  Temperature  Differences  Between  Measured  and  Derived  Soundings  at  Helwan,  Egypt 


Dependent  Temperature  Differences  at  Helwan,  Eg>’pt 


^Derived  Profile 


Figure  6.  Temperature  Sounding  at  Mexico  City,  Mexico:  2 January  1976,  i2Z 
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Figure  8.  Time-Dependent  Temperature  Differences  at  Mexico  City,  Mexic 
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Figure  9.  Temperature  Sounding  at  Anchorage,  Alaska;  3 January  1976,  12Z 
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Temperature  Sounding  at  Fairbanks,  Alaska:  3 January  1976,  12Z 


ib^easured 


Tenperarure  Soimding  at  Barrow,  Alaska;  1 July  1976,  002 
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Figure  19.  Temperature  Sounding  at  Denver,  Colorado:  3 January  1976,  122 


Tenperatui'e  Differences  Between  Measured  and  Derived  Soundings  at  Denver,  Colorado 
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Temperature  Sounding  at  Edwards  .'^r  Force  Base,  California:  22  August  1977,  102 
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Temperature  Sounding  at  Vandenburg  Air  Force  Base,  California:  22  August  19 


fcdw'.-rds  AFB,  CA 
® 22  August  1977,  lOZ 

A Vandenburg  AFB,  CA 

Fleight  ,tiSL  ^Thousands  of  Feetj  22  August  1977,  J2Z 


nperature  Differences  Between  Measured  and  Derived  Soundings  at  Edwards 
Air  Force  Base/V^andenburg  Air  Force  Base,  California 


s Air  Force  Base/Vandenburg  Air  Force  Bas 
Derived  Soundings 


Temperature  Differences  Between  Measured  and  Derived  Soundings  and  Measured  and 
Derived/Corrected  Soundings  at  Mexico  City,  Mexico;  2 January  1976,  122 
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6.  Temperature  Differences  Between  Measured  and  Derived  Soundings  and  Measured 
and  Derived/Corxected  Soundings  at  Fairbanks,  Alaska:  3 January  1976,  12Z 


SliCTION  IV 


CONCLUSIONS 


llsiny  a surfaoo  tomponituro  ulonK  with  thi'  staiulnnl  lapse  rate  to 
obtain  temporuturos  at  altltiule  gives  unsatisractory  results  in  many  eases. 
Although  the  locations  analyzed  wore  chosen  to  give  large  errors,  these 
conditions  are  not  unusual.  Temperature  Inversions  are  a coiiunon  occurrence 
at  almost  all  mid-latitude  locations  during  the  winter.  Strong  inversions 
due  to  frontal  systems  cun  exist  above  the  surface.  Surface  heating  during 
the  siunmor  can  lead  to  extremely  large  low-level  lapse  rates.  All  these 
factors  load  to  large  departures  from  the  standard  lapse  rate  and  cannot 
be  taken  into  account  by  this  method. 


If  the  method  assumes  a standard  tropopause  height,  more  problems  can 
result.  Tropopause  heights  range  fi'om  25,000  to  60,000  feet  at  different 
locations  and  times,  the  lower  value  being  appropriate  to  polar  regions  In 
winter  and  the  higher  value  being  appropriate  for  the  tropics.  .Sometimes 
no  distinct  tropopause  exists,  or  two  tropopause  levels  are  discernible. 

This  cun  lead  to  large  temperature  errors  at  high  altitude  and  abrupt  re- 
versals of  the  signs  and  magnitudes  of  the  errors. 

While  the  standard  lapse  rate  cun  occur,  It  Is  by  no  means  always 
realistic.  If  a simple  method  is  needed  to  determine  upper  air  temperatures, 
the  corrected  .5, 000-foot  temperature  and  tropopause  height  led  to  fairly 
good  results  in  the  examples  tested.  This  method  made  a correction  for 
surface  effects  and  tropopause  height  and  led  to  reduced  errors  in  several 
examples.  It  should  he  remembered  that  even  those  corrections  cannot 
account  for  higher  level  inversions  and  strong  lapse  rates  which  can  exist 
at  high  altitude  locutions.  However,  this  method  or  some  modification  may 
deserve  further  study. 
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